Background: Early goal directed therapy (EGDT) can reduce mortality in an Intensive Care Unit (ICU) population with severe sepsis. It is not clear whether EGDT can be effectively implemented in an Emergency Department (ED) with existing resources to achieve the same goals.
INTRODUCTION
Severe sepsis is a devastating disease, with an estimated 28% in-hospital mortality [1] . Sepsis may result in 215,000 annual deaths and cost of $16.7 billion nationwide [1] . In 2001, Rivers demonstrated that employing Early Goal Directed Therapy (EGDT), an aggressive strategy aimed to optimize patient hemodynamics, resulted in a 16% reduction in 28-day mortality when compared with standard care in an Intensive Care Unit (ICU) population [2] . This strategy was time and resource intensive, requiring placement of central venous catheters, invasive blood pressure monitoring, and dedicated physician and nurse teams allocated to the singular care of these patients for six hours. It remained to be seen whether sepsis protocols could be effectively implemented in an Emergency Department (ED) with existing resources to achieve the same goals.
*Address correspondence to this author at the Department of Emergency Medicine Boston Medical Center 818 Harrison Ave. Boston MA 02118, USA; Tel: 617-414-5972; Fax: 617-414-5975; E-mail: jfeldman@bu.edu # These Authors contributed equally to this work.
The objective of this study was to determine whether implementation of EGDT with existing resources would result in decreased time to antibiotics and improved patient outcomes. Collaborative projects between ED and critical care departments can implement many elements of EGDT [3] [4] [5] . A two year implementation of the sepsis bundle increased adherence from zero to 51.2% and improved mortality from 39.5% to 20.8% [6] .
We modelled our protocol on previous efforts to improve time to drug therapy for patients with critical illnesses, such as acute myocardial infarction [7] [8] [9] . We used time to administration of antibiotics as the primary outcome measure as each hour of delay in antibiotic administration during the first six hours of hypotension in septic patients has been associated with a 7.6% increase in mortality (range 3.6%-9.9%) [10] . Materials and Methods with severe sepsis treated in the ED and admitted to the ICU. Our project was approved by the hospital Institutional Review Board.
Study Setting and Population
This study was performed in an urban, level one, academic ED with 128,000 annual patients. We care for a largely low-income population with high rates of homelessness, substance abuse and HIV/AIDS. At any time, there are 6-12 residents, 1-4 attending physicians and 12-18 nurses in the ED which is similar to other large academic centers. There is a dedicated ED staff pharmacist available for 10-14 hours a day to review orders and assist in rapidly delivering antibiotics. There is a focused team at all times in the ED dedicated to responding to critical care patients made up of two emergency medicine residents, two nurses and 1 attending physician. This team is triggered by the triage nurse and is not specific to septic patients, but is designed to respond rapidly to any critically ill patient, for example, patients requiring emergent intubation, blood products, trauma evaluation, etc. Most patients with sepsis who are stable at the time of triage are not cared for by this specialized team but are cared for in the general ED.
Adult patients (older than 21 years) admitted to the ICU with two or more systemic inflammatory response syndrome criteria were included: temperature less than 36°C (96.8°F) or greater than 38°C (100.4°F), heart rate greater than 90 bpm, respiratory rate greater than 20 or PaCO 2 less than 32 mm Hg, white blood count greater than 12,000/μL or less than 4,000/μL or greater than 10% bands, systolic blood pressure less than 90 mm Hg systolic, and lactate greater than 4 mmol/L. Patients who died in the ED or received intravenous (IV) antibiotics prior to arrival were excluded. Patients designated as comfort care only were excluded. 
EGDT Protocol
The EGDT protocol was derived from evidence-based recommendations [11] . Our sepsis bundle was created in collaboration with members of our infectious disease, pharmacy, ICU and ED. It provided guidelines for antibiotic choices for presumed and empiric sources, encouraged early intubation with low tidal volumes, aggressive fluid resuscitation and reviewed indications for vasopressors and transfusion.
All laboratory, imaging and medications require computer orders in our institution. We created a computerized order set designed to help the clinician order appropriate laboratory, imaging and medications in accordance with the sepsis guidelines. We also created web-based resources and pocket cards for staff. The guidelines, computer order sets and pocket cards were introduced to nursing through inservices and to residents and faculty through three hours of case-based lectures and presentations. (Appendices: 1 Order Set, 2 Adult Antibiotics, 3 ED Pocket Card). The staff received reminders about the guidelines through email, brief discussions before and after shifts, and during conference time. Due to lack of staff resources, we did not perform ongoing case review or monitoring of adherence to the guidelines.
Study Protocol
Trained research assistants (RAs) screened charts of all ED patients 22 years of age or older who were admitted to the ICU with sepsis. Medical charts were abstracted onto structured data sheets. Six charts were abstracted three times by the RAs and the investigators and standard data abstraction rules were developed. Each chart was abstracted independently by two RAs and reviewed by the investigators; agreement among the multiple data abstractions was not estimated. It was not possible to blind the data abstractors to the study group, as many data points were time and date dependent.
Measurements
The main outcome measure was time to administration of antibiotics. We also examined the effect of the protocol on processes of care included in the sepsis bundle [11] .
Data Analysis
Descriptive statistics (median, interquartile range) were used for age, severity scores, and length of stay (LOS). We used Fisher's exact chi-square test for categorical variables and Wilcoxon rank sum test for continuous variables to compare time periods. Multivariate analyses with logistic and Cox proportional hazards regression models were performed. For logistic regression, we dichotomized time to antibiotic administration as less than or equal to 2 hours and greater than 2 hours. For Cox proportional hazards analysis, we used a survival model of time to antibiotic administration with time of arrival in the ED censored at time of departure to the ICU. Variables significant at alpha = 0.20 were included in multivariate models and statistical significance was assessed at alpha=0.05 for the final analyses.
A priori sample size calculations were performed and the study was powered to detect an absolute 30% increase in antibiotic administration within two hours of arrival (50% to 80%). A sample size of 160 was considered adequate to examine the primary and secondary outcome measures with a power of 80% at an alpha level of 0.05. Data were analyzed using SAS version 9.1 (SAS Institute, Cary, NC)
RESULTS
Of the 1,607 cases admitted to the ICU during the study period, 229 had a diagnosis of sepsis. Of the 229 charts reviewed, 192 were included: 91 before and 101 after protocol ( Fig. 1 ). Groups were similar in demographics, comorbidities and social history ( Table 1) .
Mortality did not change after protocol implementation (Table 2); 14.3% (n=13) died in the before group vs. 20.8% (n=21) in the after group (p=0.26) with an overall mortality of 17.7%. Both groups were critically ill, with similar hemodynamics and Glasgow Coma Scores ( Table 1) . The median Mortality in Emergency Department Sepsis (MEDS) score, as an indicator of illness severity, was 10 (IQR: 6-13). The median modified Rapid Emergency Medicine Score (REMS) was 8 (IQR: 6-10) on a scale of 0 to 23, with higher scores being more predictive of mortality. The median CURB-65 score was 3 (IQR: 1-3.5) on a scale of 0 to 5, with higher numbers being more predictive of mortality. Using CURB-65, 49 (25.5%) were in the low mortality group, 42 (21.9%) were in the intermediate mortality group, and 101 (52.6%) in the high mortality group.
Our patients spent a relatively short time in the ED before going to the ICU (Table 2) ; the median ED length of stay (LOS) was 4.7 hours (IQR: 3.2-6.5). The median ICU LOS was three days (IQR: 1.2-7.0). ED LOS and ICU LOS were not different before and after protocol implementation.
Management of sepsis did not change in the after group compared to the before group ( Table 2) . There was no difference in frequency of intubation, central line placement, volume of fluids, use of vasopressors, administration of steroids, or transfusion.
In multivariate analysis, there was no difference in time to antibiotics between the time periods ( Table 3) . Patients with higher mortality risk (indicated by increasing MEDS score) received antibiotics sooner than patients with lower MEDS scores, after adjusting for time period. There is a 6% increased odds of receiving antibiotics for each increase in MEDS score, after adjusting for time period (Hazard Ratio: 1.06, 95% CI: 1.02-1.09), yet there was no statistically significant difference in time to antibiotics between the time periods after adjusting for MEDS score (Hazard Ratio: 0.88, 95% CI: 0.65-1.18). The after group was as likely as the before group to receive antibiotics within two hours, after adjusting for mortality risk (OR: 0.88, 95% CI: 0.49-1.57). In multivariate analysis, insurance, race/ethnicity, or gender did not impact time to antibiotics.
DISCUSSION
Our EGDT protocol failed to demonstrate a change in management, time to antibiotics, or mortality of septic patients admitted to the ICU. Our study demonstrates the complexity of translating the EGDT guidelines into actual clinical practice. Each of the proposed actions in the sepsis bundle may have specific barriers that should be analyzed and addressed [12] [13] [14] .
It was reasonable to hypothesize that the multifaceted approach we used could improve time to treatment with antibiotics since previous approaches have been successful in achieving recommended times for delivery of other critical drugs in the ED. However, we observed that only 43.8% of our patients received antibiotics within the first two hours Fig. (1) only 87% of patients received antibiotics within the first six hours. Although this proportion compares favorably to other trials, it does not meet our goals. Micek found that standardized order sets resulted in a larger proportion of patients receiving initial antibiotic treatment earlier and reduced inhospital mortality [15] . Our order sets were nearly identical in content but produced dissimilar results. This result highlights the need to examine the effectiveness of strategies to achieve the goals of the sepsis campaign in diverse practice settings.
We found that sicker patients received antibiotics sooner in both the before and after protocol implementation periods. However, some patients received no antibiotics at all in the ED. We found 85% of antibiotics ordered but not administered in the ED required either special approval from the infectious disease department or hand-written orders to the pharmacy. This observation suggests that the implementation of a satellite pharmacy or pre-approved antibiotic orders could reduce treatment delays.
Finally, we relied on existing departmental resources for this project. We did not have dedicated sepsis teams or specialized equipment, as have been employed elsewhere, and we relied on staff already performing their existing duties to implement EGDT [5] . Our implementation phase provided staff education similar in intensity and quality to that described in previous studies [5] . However, we did not provide similar ongoing feedback to clinicians. It is likely that having a dedicated, on-going monitoring system in place would result in better implementation [4, 5] . Shapiro has reported that "substantial contribution of time and effort" went into maintaining their protocol, others have reported that dedicated study teams and monitoring systems are needed to ensure compliance [5, 15] .
Our observed in-hospital mortality rate for sepsis of 17.7% is lower than mortality rates published elsewhere, even after implementation of EGDT. Specifically, the lowest mortality rate reported after implementing EGDT is 18.2% and others found rates of 20-30% [2, 4, 5, 15] . We used the same enrolment criteria as other investigators and all of our patients were critically ill and admitted to the ICU. Our median age was 61.5 years, which is younger than the mean age in other studies. Our median MEDS score was 10, which is also lower than the mean MEDS score of 11 reported by Shapiro [5] . It is possible that our sample represented a healthier cohort of sepsis patients which is reflected in our lower mortality rates, or that standard care can achieve mortality rates similar to EGDT.
Following completion of this project, we implemented changes to the ordering system based on these results. Antibiotics formerly requiring specialist approval and handwritten orders to the pharmacy were moved to the PYXIS medication distribution machine in the ED and nurses were authorized to administer the first dose without awaiting specialist approval. Staff were informed of these results and encouraged to prioritize antibiotic delivery to patients. Residents and nurses were instructed that patients should not be moved to the intensive care unit until antibiotics were ordered and administration had begun.
LIMITATIONS
Our study was limited by the retrospective design. This design was chosen as we did not feel we could withhold EGDT protocol from a control group. Given that we demonstrated no change in management after our protocol, and a lower than expected mortality rate, it may be appropriate to conduct a prospective randomized trial comparing EGDT with standard care.
Our patients also spent a relatively short time in our ED (less than five hours) as compared to 7.5-13.9 hours reported by others [2, 4, 5, 15] . While this short time in the ED may have impacted mortality, it should not have affected our ability to reduce the time to antibiotic administration, the primary outcome measure of this study.
CONCLUSION
We were unable to demonstrate successful implementation of an EGDT sepsis protocol in our ED utilizing existing resources. Our baseline mortality rate was lower than that reported by others, but no improvement in time to antibiotics or mortality was found after introduction of the protocol. Further study is needed to evaluate barriers to EGDT and feasibility of translating resource intensive research protocols to the bedside. .Oxygen Therapy 
